Speeding up gate operations through dissipation* 
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It is commonly believed that decoherence is the main obstacle to quantum information processing. 
In contrast to this, we show how decoherence in the form of dissipation can improve the performance 
of certain quantum gates. As an example we consider the realisations of a controlled phase gate and 
a two-qubit SWAP operation with the help of a single laser pulse in atom-cavity systems. In the 
presence of spontaneous decay rates, the speed of the gates can be improved by a factor 2 without 
sacrificing high fidelity and robustness against parameter fluctuations. Even though this leads to 
finite gate failure rates, the scheme is comparable with other quantum computing proposals. 
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I. INTRODUCTION 

Quantum computing is a paradigm in which quantum 
entanglement and interference arc exploited for informa- 
tion processing. Algorithms have been proposed which 
can even be exponentially more effective than the best 
known classical solutions 0, 0, • Elements of quantum 
computing have been demonstrated experimentally using 
nuclear magnetic resonance and trapped ions 0, U 
However building systems with many coupled qubits re- 
mains a challenge. Many demands must be met: reliable 
qubit storage, preparation and measurement, gate oper- 
ations with high fidelities and low failure rate, scalability 
and accurate transportation or teleportation of states. 
The biggest problem is posed by decoherence which tends 
to destroy the desired quantum behaviour. 

In recent years much has been done to address the 
problems posed by decoherence. An important step was 
the realisation that many systems possess a large sub- 
space of decoherence- free states 0,0111 which is well pro- 
tected from the environment and provides ideal qubits. 
A great variety of approaches in manipulating the qubits 
within the decoherence-free subspace has been discussed 
in the literature. The optimal approach would be to em- 
ploy only Hamiltonians leaving the decoherence- free sub- 
space invariant and therefore not causing transitions into 
unwanted states |lfjj |. However they are in general hard 
to identify in physical systems. 

Alternatively, environment-induced measurements and 
the quantum Zeno effect can be used to avoid deco- 
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herence. The idea of quantum computing using dissipa- 
tion 0, 0, Q] employs the fact that the presence of 
spontaneous decay rates can indeed have the same effect 
as rapidly repeated measurements, whether the system 
is in a decoherence-free state or not, thus restricting the 
time evolution onto the decoherence-free subspace. As in 
linear optics quantum computing |l5l llfj| , the presence 
of measurements has the advantage that local operations 
on the qubits become sufficient for the implementation of 
universal quantum computation. This allows significant 
reduction in the experimental effort for the realisation of 
gate operations. For example, universal quantum gates 
between atomic qubits can be realised with the help of a 
single laser pulse [l7|. 

However, obtaining these advantages does not always 
require the presence of spontaneous decay rates in the 
system. In some cases, the presence of a strong interac- 
tion alone is sufficient to restrict the time evolution of a 
system onto a subspace of slowly- varying states . 
An additionally applied interaction then causes an adi- 
abatic time evolution inside this subspace. If the latter 
coincides with the decoherence-free subspace of the sys- 
tem, the effect of the strong interaction is effectively the 
same as the effect of continuous measurements whether 
the system is in a decoherence-free state or not [2(| and 
weak interactions can be used for the implementation 
of decoherence-free quantum gates. Concrete proposals 
for the implementation of this idea for ion-trap quantum 
computingand in atom-cavity systems can be found in 
Refs. Hill. 

In this paper we discuss the positive role dissipation 
can play in a situation where quantum gates are im- 
plemented with the help of the adiabatic processes de- 
scribed above. Such a scheme is in general relatively 
robust against parameter fluctuations but any attempt 
to speed up operations results in the population of un- 
wanted states. However, given the unwanted states pos- 
sess spontaneous decay rates, the time evolution of the 
system can become a dissipation- assisted adiabatic pas- 
sage. Even if operated rapidly, the system behaves as 
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predicted for adiabatic processes. The reason is that the 
no-photon time evolution corrects for any errors due to 
non-adiabaticity 0,113 ■ As a concrete example, we de- 
scribe two-qubit gate operations in atom-cavity systems 
which can be performed twice as fast in the presence of 
certain decay rates without sacrificing their high fidelity 
and robustness. 

The atom-cavity systems provide a promising technol- 
ogy for quantum computing j2^. The main sources of 
decoherence are dissipation of cavity photons with rate 
k and spontaneous decay from excited atomic levels with 
decay rate T. Some recent proposals for atom-cavity 
schemes attempt to minimise the population of excited 
states usin g st rong detunings 0, HH j others use dissi- 
pation [ha Il3|. All these schemes are inherently slow 
which causes relatively high failure rates. Regarding 
success probabilities, the quantum computing schemes 
Eli! mill perform much better. We believe that 
the dissipation-assisted adiabatic passages we describe in 
this paper contributes to the success of these schemes as 
well as being a key feature of the original proposal 26) ■ 

II. THEORETICAL MODEL 

Over the last three decades quantum optical exper- 
iments have been performed studying the statistics of 
photons emitted by laser-driven trapped atoms and ef- 
fects have been found that would be averaged out in the 
statistics of photons emitted by a whole ensemble |29| . 
These experiments suggest that the effect of the environ- 
ment on the state of the atoms is the same as the effect 
of rapidly repeated measurements and hence can result 
in a sudden change of the fluorescence of a single atom 
|30| . From the assumption of measurements whether a 
photon has been emitted or not, the quantum jump ap- 
proach has been derived. This approach is equivalent 
to the Monte Carlo wave-function approach [3i| and the 
quantum trajectory approach [33| . 

A. No-photon time evolution 

Suppose a measurement is performed on the free ra- 
diation held interacting with a quantum optical system 
initially prepared in \ip). Under the condition of no pho- 
ton emission and given that the free radiation field was 
initially prepared in its vaccum state |0 p h), the (unnor- 
malised) state of the system at At equals, according to 
the quantum jump approach |3l| . 

|0 ph )(0 ph |E/(At,0)|0 ph )|V>) = |0 ph )[/ cond (At,0M • 

(1) 

The dynamics under the conditional time evolution oper- 
ator £/c 0n d(Ai, 0), defined by this equation, can be sum- 
marised in a Hamiltonian H con( i- This Hamiltonian is 
in general non-Hermitian and the norm of a state vector 



developing with i? C ond decreases in time such that 

p (t,i>) = \\u coad (t,o)\Tp)\\ 2 (2) 

is the probability for no emission in (0,i). The non- 
Hermitian terms in the conditional Hamiltonian contin- 
uously damp away amplitudes of unstable states. This 
takes into account that the observation of no emission 
leads to a continuous gain of information about the state 
of the system. The longer no photons are emitted, the 
more unlikely it is that the system has population in ex- 
cited states I34I l35l. 



B. Dissipation-assisted adiabatic passages 

In the following we exploit the conditional no-photon 
time evolution to implement better gate operations. 
Quantum computing with non-Hermitian Hamiltonians 
can be performed with high success rates as long as 
the system remains to a good approximation in a 
decoherence-free subspace. A state \ip) is decoherence- 
free if populating it cannot lead to a photon emission 
and 

P (t,^) = l (3) 

for all times t [T^- The decoherence-free subspace 
is therefore spanned by all the eigenvectors of the 
conditional Hamiltonian H con a with real eigenvalues 
and a time evolution with this Hamiltonian leaves the 
decoherence-free subspace invariant. 

In general it is very difficult to find a Hamiltonian that 
keeps the decoherence-free subspace invariant and can 
be used for the realisation of gate operations. However, 
it is always possible to add a weak interaction to the 
conditional Hamiltonian H conc i , so generating a new con- 
ditional Hamiltonian i? C ond- As long as the additional 
interaction is weak, the decoherence-free subspace con- 
stitutes an invariant subspace of H con a to a very good 
approximation. This can be exploited to generate an 
adiabatic time evolution inside the decoherence-free sub- 
space according to the effective Hamiltonian 

H e g = -PdFS -Hcond P DFS ■ (4) 

This Hamiltonian can now be used for the realisation 
of quantum gates. A drawback of this idea is that the 
effective evolution, which happens on the time scale given 
by the weak interaction, is very slow. 

The essential idea of this paper is to ensure that the 
same net evolution within the decoherence-free subspace 
is realised with high fidelity even when the system is oper- 
ated relatively fast, i.e. outside the adiabatic regime, and 
despite the occurence of errors at intermediate stages. 
The form of Eq. (J3J assures that any error leads to the 
population of non decoherence-free states. As long as 
this population is small, there is a very high probability 
that it will be damped away during the no-photon time 
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evolution. The system behaves effectively as predicted 
by adiabaticity and the underlying relatively fast process 
could be called a dissipation-assisted adiabatic passage 

hues. 

Whenever a photon emission occurs, the computation 
fails and the experiment has to be repeated. Naively, one 
might expect that a finite probability for failure of the 
proposed scheme also implies a decrease of the fidelity 
of the gate operation. However, the fidelity under the 
condition of no photon emission remains close to unity for 
a wide range of experimental parameters |17| . Moreover, 
the non-Hermitian terms in H con d inhibit transitions into 
unwanted states and stabilise the desired time evolution 
©■ 



C. Decoherence-free states with respect to cavity 
decay 

Let us now consider a concrete system. In the fol- 
lowing, each qubit is obtained from two different ground 
states |0) and |1) of the same atom. To implement two- 
qubit gate operations, the two corresponding atoms are 
moved inside the optical resonator where both see the 
same coupling constant g. Suppose, the 1-2 transition in 
each atom couples resonantly to the cavity mode and b 
and are the annihilation and creation operators for a 
single photon. The conditional Hamiltonian in the inter- 
action picture with respect to the interaction-free Hamil- 
tonian can then be written as 



ffcond = %^6 t |l) l4 (2|+H.c. 

i=l 

- ifcr l 2 )«( 2 l -^Kb^b. (5) 

i 

The last two terms are the non-Hermitian terms of the 
Hamiltonian. 

Using Eq. © one can easily determine the decohe- 
rence-free subspace of the atom-cavity system with re- 
spect to leakage of photons through the cavity mirrors 
|13|. It is spanned by the eigenvectors of the condi- 
tional Hamiltonian H con( i with real eigenvalues assum- 
ing r = and includes all superpositions of the atomic 
ground states, i.e. the qubits states of the system, and 
the maximally entangled atomic state 
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(|12)-|21)) 



(G) 



while the cavity is in its vacuum state |0) cav . Prepared 
in the state |0) cav |a) = |0;a) the atoms do not interact 
with the cavity mode and therefore cannot transfer their 
excitation into the resonator. Thus no photon can leak 
out through the cavity mirrors. Populating only these 
states and performing the gate relatively fast, thereby 
reducing the possibility for spontaneous emission from 
the atoms with rate T, should result in relatively high 
gate success rates. 
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FIG. 1: Level scheme of the two atoms inside the resonator. 
Each qubit is obtained from two different ground states |0) 
and |1) of one atom. To implement gate operations, laser 



fields with Rabi frequencies fl^ can be applied exciting the 
j-2 transition of atom i. 



III. HIGH-FIDELITY QUANTUM 
COMPUTATION IN ATOM-CAVITY-SYSTEMS 

In this section we first neglect the spontaneous decay 
rates, assume k = T = and aim at finding laser con- 
figurations and Rabi frequencies that result in a time 
evolution with the effective Hamiltonian (0J with respect 
to the decoherence-free subspace introduced in Section 
III CI In the following, we consider the level configuration 
in Figure ^ and denote the Rabi frequency with respect 
to the j-2 transition of atom i as Sly . Especially, we 
look for adiabatic processes where the two different time 
scales in the system are provided by the atom-cavity con- 
stant g being a few orders of magnitude larger than the 
Rabi frequencies fly^ of the applied laser fields, 



(7) 



As concrete examples for gate implementations via 
dissipation-assisted adiabatic passages we describe pos- 
sible realisations of a two-qubit phase gate and a SWAP 
operation. We then show that the same quantum gates 
can be operated twice as fast with decay rates, while 
maintaining fidelities above 0.98. 



A. Adiabatic elimination of unwanted states 

From the discussion in Section [n] we know already 
that the decoherence-free states of the system are the 
eigenstates of the conditional Hamiltonian JSJ with real 
eigenvalues in the absence of the weak laser interaction. 
Consequently, they are also eigenstates of the interaction 
Hamiltonian of the system, namely 

2 2 1 

H = %^6t| 1) .. (2 | + ^^i ? ^W| i) .. <2 | 

i=l i=l j=0 

+H.c. , (8) 

to a very good approximation. It is therefore convenient 
to consider them in the following as basis states. To ob- 
tain a complete basis we introduce, in addition to Eq. JJjJ, 
the symmetric state 
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(|12> + |21» 



(9) 
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In the following, \n; x) denotes a state with n photons in 
the cavity field and the atoms prepared in \x). 

We now write the state of the system as a superposition 
of the form 



= ^2 Cn - x i n; x ) 



(10) 



and first calculate the time evolution of the coefficients of 
the decoherence-free states |0; 00), |0; 01), |0; 10), |0; 11) 
and |0;a). The Hamiltonian JSJ yields 



C0;00 — ~ 5 [^Q 1 '' C 0;20 + ^Q 2 ^ C 0;02] 



(2), 



C0;01 = -^[^ (c . s - C 0;a ) + V2rjf ) C 0;0 2] 



CQ;10 



^ [v^i 1 ' c , 20 + f2 2) (c 0;s + CQ.*)] , 



2^2 



c 0; ii = -^[(nr+nn^-R -^)c 0;a ] , 

C0;a = -^[(^i^ - ^i 2) )(c ;22 - C 0; ll) - C 0; 01 



2y/2 

l(2) 



+ ^0 c O;lo] 



(11) 



We furthermore consider the derivatives of the ampli- 
tudes of the states |0; 02), |0; 20), |0;s) and |0; 22), 



c 0;02 — —5 [^o^ C 0;22 + ^0^ C 0;Q0 + ^1 c 0;0lj — i<7 c l;01 j 
co:2o = -5 [^0 COiOO + ^0^ C 0;22 + ^ctyioj - igci ; i , 



C0; S = -^ f [K 1) +r>f ) )(co ; ll+C 0; 22)+^ 1) Co ; C 
l( 2 ). 



-^0 c o ; io] - V^iga-n , 
"271 1 



c ;22 = -^»[(ni 1) + ni a) )co ; , + (ni 1) -ni. 2) )cd.« 



+V2rj^ 1) c 0; o2 + \Z2fi^ 2) c 0; 2o] - \/2i<7Ci ;s , (12) 
and the states 1 1; 01) , |1; 10) , |1;11), \l;s) and |2;11), 

Cl:01 = -j^[^o ( c l;s _ c i,o) + V / 2^f ) Ci;02] 



-15C0;02 , 

ci-io = [\/2O^ 1) c 1;20 + r![ ) 2) (c 1;5 . + c liQ )] 

-i5C0;20 , 

Cl;ll = -^?f[ fi l ( c l;s - Cl, a ) + ^i 2) (ci ;;5 + Ci- a )] 

-V2igc . s , 

C0;22 



C2;ii = - 2 -[^i 1) c 2; 2i + r2i 2, C2;i 2 ] - 2igci 



(2) 



(13) 



Suppose the system is initially prepared in a qubit state 
and the population of non-decoherence-free states re- 
mains of the order 0(fij /g), we can easily eliminate 
all amplitudes that change on the fast time scale defined 
by the cavity coupling g. Setting their derivatives equal 
to zero and neglecting all terms of second order in / g 
and smaller, the differential equations 1)13)1 yield 

co;02 = c 0; 20 = c 0;s = c 0;s = , c 0;2 2 = -v2e 2 ;ii . (14) 
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FIG. 2: The relevant combined level scheme of the atom- 
cavity system for gate implementations with fij 1 ' = fi' 1 ' = 
contains only eleven states and the dynamics falls in several 
groups. 



Substituting this result into Eq. 1)11)1 and (11 21) we obtain 
further 

c 0;00 = , Co;01 = ^7/|^o L *' C 0;a , 

C0;10 — — 2^2 1,a ' 0;11 _ 2V^V Xi l _ ll l ) C °' a ' 
C0;a = 5 [(^i ■* — f^i )co ; ll + Co ; oi — f2g CQjlo] , 
C ;22 =- i ^(^ 1) -nf ) )c 0;o ■ (15) 

This shows that the only way to restrict the time evolu- 
tion of the system onto the decoherence-free subspace is 
to choose 



n«-fi« = o 



(16) 



Note that if this is not fulfilled, population leaks directly 
from the antisymmetric state |0; o) into the states |0; 22) 
and 1 2; 11). There is no mechanism in the system (see 
Eq. 1)14)0 that forbids the population of these states. 
The condition 116)1 can easily be implemented with 

fl^ — f^ 2 "* = and the realisation of dissipation-assisted 
gate operations requires only a single laser field with the 
respective Rabi frequencies fig 1 '. As predicted before, 
the time evolution of the slowly-varying amplitudes of 
the system 1)150 c & n be summarised in the Hamiltonian 



H cS = [m i 1) \01){a\-m o * , \10){a\+JI.c 



(2) 



(17) 



which coincides with the effective Hamiltonian given in 
Eq. J3J. The levels and transitions involved in the gen- 
eration of the effective time evolution of the system are 
shown in Figure [21 

The corrections to the effective time evolution in first 
order O{0,f/g) can be obtained by performing another 
adiabatic elimination of fast varying amplitudes using the 
differential equations 1)12(1 and setting co;02 = co ; 20 = 
co :s = 0. During gate operations, a small population, 
given by 



(2) 



CljOl 



cx-ii 



2.9 



■ C0;00 ! Cl ; 10 



r> (1) 

"o 
2<7 



C0;00 



n 



(i) 



(2) 



-C0;01 
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"C0;10 



(18) 
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accumulates in the states |1;01), |1; 10) and |1; 11). There 
are two ways to keep these errors small and we use both 
of them in the following. First, one should turn the laser 
field off slowly such that ^n^(T) = with T being 
the gate operation time. Then the system can adapt to 
the changing parameters and the unwanted amplitudes 
(|18fl vanish at time T. Second, the presence of a finite 
cavity decay rate k can be used to damp away photon 
population in the cavity mode during the no-photon time 
evolution. However, n should not be too large in order 
not to disturb the adiabatic evolution. 

We should also mention that there is another way 
to guarantee that the system remains within the 
decoherence-free subspace. This requires the cavity de- 
cay rate k to be of the same order as g, which sup- 
presses the population of all non decoherence-free states 
(including the states |0; 22) and 1 2; 11)), independent of 
the choice of the Rabi frequencies Qj 01- Indeed, it 
has been shown that quantum computing using dissipa- 
tion leads to a realm of new possibilities for the imple- 
mentations of quantum gate operations |l2j . However, 
the approach we consider here yields schemes with much 
shorter gate operation times than the ones reported in 
Ref. 0. 

B. The realisation of two-qubit gates 

A simple gate operation that can easily be imple- 
mented with the effective Hamiltonian i|17|) is the quan- 
tum phase gate with 

f/phasc = |00)<00| - |01)(01| + |10)(10| + |11) <11| . (19) 

This operation changes the state |1) of the second atom 
into — 11) provided that the first atom is in |0). Suppose 
there is only one laser field coupling to the 0-2 transition 

(2) 

of atom 1 such that £1q — and 

ffeff = - 5 ^^ 1) [|01)<a|+H.c] . (20) 

The implementation of the unitary operation (|19f) then 
only requires 

/ fi^dt = 2V2vr (21) 
Jo 

as one can see from solving the time evolution of the 
Hamiltonian J3UJ. In the following we choose 

Sl£\t) = 2f! max sin 2 (^-J2 max t) , (22) 
and T = 2v / 27r/^max- 

(2) 

Given Q ' = 0, the amplitudes of the states |0; 10) and 
|0; 11) remain unchanged while a minus phase is added to 
the state |0; 01) after undergoing an adiabatic transition 
to the excited state \0;a) and back (see Figure^. That 
this is indeed the case can be seen in Figure |3 which 
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FIG. 3: Fidelity F and success rate Po of the phase gate 
l|19|l as a function of the inverse gate operation time 1/T for 
different spontaneous decay rates k and r = and for the 
initial qubit states 1 00) (solid line) and 1 01) (dashed line). 

results from a numerical solution of the no-photon time 
evolution of the system with the Hamiltonian 

2 

#cond = ^fi 5 & t |l)«(2| + i^ 1) |0) 11 (2|+H.c. 

i=l 

2 

-^1^12)^(21-1^6 (23) 

i=l 

for the initial qubit states 1 00) and |01). For k = T = 0, 
fidelities above 0.99 are achieved for gate operation times 
1/T < 0.05 g. 

Furthermore, the phase gate can be operated in the 
presence of decay rates. The presence of decay rates al- 
lows the scheme to be run twice as fast while maintaining 
the same high fidelity. Looking at the initial state |0; 00), 
it can be seen that with k = the fidelity dips to just over 
92% but with k — 0.1 g the fidelity is always one. The 
reason is that the presence of cavity decay rates damps 
away all the population in the states |0;20) and 1 1 ; 10) , 
at the latest at the end of the operation. Maintaining a 
fidelity close to 1 comes at cost of a significantly lowered 
success probability, which can be even lower than 80%. 
For larger values of k the success probability would be 
even smaller. 

The fidelity given the initial state |0; 01) is only 
marginally helped by the non-zero k. However, a small 
r = 0.016 g can further reduce the errors. The reason 
is that in the non-adiabatic regime unwanted population 
accumulates in the excited atomic state |a) which is then 
taken care of by T > 0. The competition between greater 
speed tending to reduce the probability of a failure due 
to r and an increased error due to non-adiabaticity leads 
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FIG. 4: Fidelity F and success rate Po of a single SWAP 
operation as a function of the inverse gate operation time 1/T 
for the initial qubit states |00) (solid line) and |01) (dashed 
line) . 



to a maximum for the gate success rate of Po = 90 % at 
1/T = 0.065 g. 

Another quantum gate that can easily be implemented 
with the effective Hamiltonian l|17|) is the SWAP opera- 
tion with 

I/swap = |00)(00| + |10)(01| + |01)(10| + |11)(11| . (24) 

Unlike the controlled phase gate, the SWAP gate is not 
universal. Nevertheless, this operation can be very useful 
since it exchanges the states of two qubits without that 
the corresponding atoms have to physically swap their 
places. To implement the time evolution l|24l) one should 
choose fig 1 ' = SIq 2 -* and individual laser addressing of 
the atoms is not required. The effective Hamiltonian 
becomes in this case 

H eB = m { V [\01)(a\ + \10)(a\ + H.c.] (25) 
and implements a SWAP operation if 

/ Cl^dt = 2tt . (26) 
Jo 

In the following we choose 

n£ ) (t) = 2il max sm 2 (±n iaax t) , (27) 

and T = 27r/^ max . 

FigureQ]shows the results of a numerical solution of the 
no-photon time evolution of the system with the Hamil- 



tonian 

2 

Pcond = ^^11)^(21 + ±M^ ) |0) ll (2| + H.c. 

i=l 

2 

- 3fiT|2)«(2| - ^hntfb (28) 
i=i 

for the same parameters as in Figure |31 For n = T = 0, 
fidelities above 0.99 are achieved as long as 1/T < 0.06 g. 
In the presence of the decay rates k — 0.1 g, T ~ 0.016 T 
and for 1/T = 0.04 g, the fidelity is well above 99 % while 
Po > 90 %. The results for the SWAP operation are very 
similar to the results for the phase gate. The reason for 
this is that the relevant combined level scheme of the 
system is in both cases about the same (see Figure 

IV. CONCLUSIONS 

This paper discusses how dissipation can help to in- 
crease the performance of quantum gate operations. The 
focus is on atoms with a A-type level configuration 
trapped in an optical cavity but the conclusions can be 
applied more generally. The concrete examples consid- 
ered here are two-qubit operations including a controlled 
phase gate and the SWAP operation. For g 2 — 625 kT, 
we showed that the gate success rate can be nearly as high 
as 90% while the fidelity is well above 99%. Improved 
results have only been obtained in Refs. 0, |2g, l28j . 
The main problem of the proposed quantum computing 
scheme is spontaneous emission from the atoms. Never- 
theless, it is very simple, as it requires only a single laser 
field, and it is widely robust against parameter fluctua- 
tions (see Eqs. ||5TJ and ifSBjl). 

In the absence of dissipation, the quantum gates de- 
scribed employ adiabaticity arising from the different 
time scales set by the laser Rabi frequencies and atom- 
cavity coupling constant. However, in the presence of de- 
cay rates, like n — 0.1 g and T = 0.016 g, the scheme can 
be operated about twice as fast. The reason is that the 
underlying process becomes a dissipation-assisted adia- 
batic passage • Even operated outside the adia- 

batic regime, the no-photon time evolution corrects for 
errors and the system behaves as predicted by adiabatic- 
ity. The high fidelity comes at a cost of a finite gate fail- 
ure rate. However, as long as one can detect whether an 
error occured or not and repeat the computation when- 
ever necessary, this approach can be used to implement 
high-fidelity quantum computing even in the presence of 
dissipation. 
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